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Objectives 

The  main  concern  of  this  grant  is  the  detection  of  hostile  targets  such  as  perfect 
conductors  partially  coated  by  a  dielectric  material  or  anisotropic  dielectrics  partially 
coated  by  a  thin  layer  of  highly  conductivity  material  with  both  the  shape  and  the 
material  properties  being  unknown.  From  the  multistatic  far  field  data  measured  in  a 
sector  of  limited  aperture  it  is  desired  to  detect  both  the  shape  of  the  object  as  well  as 
whether  or  not  it  is  coated.  Since  it  has  previously  been  shown  that  the  scattering  due  to 
the  background  can  be  subtracted  off  in  a  rigorous  manner,  for  theoretical  purposes  it 
suffices  to  consider  these  problems  for  obstacles  in  a  homogeneous  background  medium. 
The  proposed  research  includes  theoretical  and  numerical  investigation  of  these 
questions. 


Status  of  Effort 

We  began  by  considering  the  inverse  scattering  problem  in  the  important  practical  case  of 
limited  aperature  far  field  data  [1]  and  then  turned  our  attention  to  target  identification 
problems  for  partially  coated  objects.  We  first  considered  the  case  of  a  perfect  conductor 
that  is  partially  coated  by  a  thin  dielectric  layer  and  showed  how  both  the  shape  and  the 
surface  impedance  of  the  layer  can  be  determined  from  far  field  data  [9],  [1 1].  Here  the 
basic  mathematical  difficulty  is  to  successfully  treat  mixed  boundary  value  problems  in 
inverse  electromagnetic  scattering  theory  where  it  is  not  known  a  priori  whether  or  not 
the  unknown  object  is  partially  coated  and,  if  so,  what  are  the  material  properties  and 
extent  of  the  coating.  This  work  has  led  to  an  investigation  of  an  analogous  approach  for 
determining  the  shape  [3],  [4],  [10],  and  surface  conductivity  [14]  of  a  partially  coated 
dielectric  by  a  very  thin  layer  of  metallic  paint  as  explained  below.  This  problem  is  of 
particular  interest  in  the  detection  of  decoys,  e.g.  wooden  “scuds”  or  “missiles”  coated  by 
a  thin  metallic  sheet  constant  surface  impedance.  Although  the  shape  of  the  scattering 
object,  whether  a  weapon  or  a  decoy,  can  be  determined  by  the  linear  sampling  method. 
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in  order  to  successfully  identify  the  target  one  must  obviously  know  more  about  the 
scatterer  then  its  shape.  In  particular,  one  must  determine  information  on  the  refractive 
index  near  the  boimdary  of  the  scatterer  which  we  refer  to  as  the  surface  conductivity.  A 
variational  method  for  determining  the  essential  supremum  of  the  surface  conductivity 
was  given  in  [14]  with  numerical  examples  being  presented  for  the  case  of  the  scattering 
of  TE  polarized  electromagnetic  waves  by  an  orthotropic  infinite  cylinder. 

We  have  also  investigated  the  inverse  scattering  problem  for  thin  perfectly 
conducting  obstacles  those  width  is  very  small  in  comparison  to  the  other  dimensions  and 
the  wave  length  [5],  [6],  [13].  We  model  this  object  by  an  open  bounded  surface. 
Furthermore  we  allow  one  side  of  the  thin  object  to  be  coated  with  an  unknown  dielectric 
material.  The  main  result  here  is  the  extension  of  the  linear  sampling  method,  which  was 
originally  developed  for  the  case  of  scattering  obstacles  with  nonempty  interior,  to 
include  the  above  case  of  obstacles  with  empty  interior.  An  important  outcome  of  this 
investigation  is  that  the  target  visualization  tool  is  the  solution  of  the  same  equation  for 
both  obstacles  with  nonempty  interior  and  obstacles  with  empty  interior.  This  means  that 
it  is  not  necessary  to  know  a  priori  the  geometry  of  the  target 


Accomptishemnts/  New  Findings 


The  main  accomplishments  during  the  period  of  this  report  were 

1)  The  successful  use  of  the  linear  sampling  method  to  determine  the  shape  of: 

•  an  anisotropic  dielectric  (possibly)  partially  coated  by  a  thin  layer  of 
highly  conductive  material 

•  a  (possibly)  partially  coated  perfect  conductor 

•  a  very  thin  object  (screens) 

2)  The  derivation  of  an  explicit  formula  giving  the  surface  impedance  of  a 
partially  coated  perfect  conductor  from  a  knowledge  of  the  far  field  pattern  of 
the  scattered  electromagnetic  wave  and  an  analogous  formula  giving  a  lower 
bound  for  the  surface  conductivity  of  a  partially  coated  dielectric. 
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conferences  and  seminars  as  invited  speakers  both  in  this  country  and  in  Europe. 
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